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SYSTEM, APPARATUS AND METHOD FOR
CONTROL CHANNEL CONFIGURATION IN
WIRELESS COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to and the benefit of U.S.
Provisional Patent Application Ser. No. 61/334,141, entitled
“Systems and Apparatus for Control Channel Design in Data
Regions,” filed on May 12, 2010 and U.S. Provisional Patent
Application Ser. No. 61/345,006, entitled “Common Search
Space Design for LTE-A,” filed on May 14, 2010, which are
expressly incorporated by reference herein in their entirety.

BACKGROUND

1. Field

The present disclosure relates generally to communication
systems, and more particularly, to control channel configura-
tion in wireless communication systems.

2. Background

Wireless communication systems are widely deployed to
provide various telecommunication services such as tele-
phony, video, data, messaging, and broadcasts. Typical wire-
less communication systems may employ multiple-access
technologies capable of supporting communication with
multiple users by sharing available system resources (e.g.,
bandwidth, transmit power). Examples of such multiple-ac-
cess technologies include code division multiple access
(CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) sys-
tems, orthogonal frequency division multiple access
(OFDMA) systems, single-carrier frequency divisional mul-
tiple access (SC-FDMA) systems, time division synchronous
code division multiple access (TD-SCDMA) systems, and
worldwide interoperability for microwave access (WiMAX).

For wireless communication systems, these multiple-ac-
cess technologies have been adopted in various telecommu-
nication standards to provide a common protocol that enables
different wireless devices to communicate on a municipal,
national, regional, and even global level. An example of an
emerging telecommunication standard is Long Term Evolu-
tion (LTE). LTE provides a set of enhancements to the Uni-
versal Mobile Telecommunications System (UMTS) mobile
standard promulgated by Third Generation Partnership
Project 3GPP). LTE is designed to better support mobile
broadband Internet access by improving spectral efficiency,
lower costs, improve services, make use of new spectrum, and
better integrate with other open standards utilizing OFDMA
on the downlink (DL), SC-FDMA on the uplink (UL), and
multiple-input multiple-output (MIMO) antenna technology.

However, as the demand for mobile broadband access con-
tinues to increase, there exists a need for further improve-
ments in LTE technology. Preferably, these improvements
should be applicable to other multi-access technologies and
the telecommunication standards that employ these technolo-
gies.

SUMMARY

In accordance with aspects of the disclosure, a method for
wireless communication comprises providing separate con-
trol channels for each of downlink grant information and
uplink grant information, encoding the control channels with
an identifier known only to receiving nodes that are config-
ured to decode the control channels with the identifier, and

10

15

20

25

30

35

40

45

50

55

60

65

2

conveying information to the receiving nodes that the identi-
fier is known to the receiving nodes.

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a processing system
configured to provide separate control channels for each of
downlink grant information and uplink grant information,
encode the control channels with an identifier known only to
receiving nodes that are configured to decode the control
channels with the identifier, and convey information to the
receiving nodes that the identifier is known to the receiving
nodes.

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a means for providing
separate control channels for each of downlink grant infor-
mation and uplink grant information, a means for encoding
the control channels with an identifier known only to receiv-
ing nodes that are configured to decode the control channels
with the identifier, and a means for conveying information to
the receiving nodes that the identifier is known to the receiv-
ing nodes.

In accordance with aspects of the disclosure, a computer
program product comprises a computer-readable medium
comprising codes executable to cause an apparatus to provide
separate control channels for each of downlink grant infor-
mation and uplink grant information, encode the control
channels with an identifier known only to receiving nodes that
are configured to decode the control channels with the iden-
tifier, and convey information to the receiving nodes that the
identifier is known to the receiving nodes.

In accordance with aspects of the disclosure, a method for
wireless communication comprises receiving separate con-
trol channels for each of downlink grant information and
uplink grant information, decoding the control channels with
a known identifier, and determining the span of the control
channels via blind hypothesis testing for one or more span
configurations of the control channels.

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a processing system
configured to receive separate control channels for each of
downlink grant information and uplink grant information,
decode the control channels with a known identifier, and
determine the span of the control channels via blind hypoth-
esis testing for one or more span configurations of the control
channels.

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a means for receiving
separate control channels for each of downlink grant infor-
mation and uplink grant information, a means for decoding
the control channels with a known identifier, and a means for
determining the span of the control channels via blind
hypothesis testing for one or more span configurations of the
control channels.

In accordance with aspects of the disclosure, a computer
program product comprises a computer-readable medium
comprising codes executable to cause an apparatus to receive
separate control channels for each of downlink grant infor-
mation and uplink grant information, decode the control
channels with a known identifier, and determine the span of
the control channels via blind hypothesis testing for one or
more span configurations of the control channels.

In accordance with aspects of the disclosure, a method for
wireless communication comprises determining an aggrega-
tion level of a common search space related to common
control resources, wherein the aggregation level is less than
four, and receiving control data from one or more candidates
in the common search space that include contiguous control
channel elements according to the aggregation level.



US 9,277,540 B2

3

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a processing system
configured to determine an aggregation level of a common
search space related to common control resources, wherein
the aggregation level is less than four, and receive control data
from one or more candidates in the common search space that
include contiguous control channel elements according to the
aggregation level.

In accordance with aspects of the disclosure, an apparatus
for wireless communication comprises a means for determin-
ing an aggregation level of a common search space related to
common control resources, wherein the aggregation level is
less than four, and a means for receiving control data from one
or more candidates in the common search space that include
contiguous control channel elements according to the aggre-
gation level.

In accordance with aspects of the disclosure, a computer
program product comprises a computer-readable medium
comprising codes executable to cause an apparatus to deter-
mine an aggregation level of a common search space related
to common control resources, wherein the aggregation level
is less than four, and receive control data from one or more
candidates in the common search space that include contigu-
ous control channel elements according to the aggregation
level.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature, and advantages of the disclosure will
become more apparent from the detailed description set forth
below when taken in conjunction with the drawings in which
like reference characters identify correspondingly through-
out.

FIGS. 1A and 1B are diagrams illustrating examples of
hardware implementations for an apparatus employing a pro-
cessing system, in accordance with aspects of the disclosure.

FIG. 2 is a diagram illustrating a multiple access wireless
communication system, in accordance with aspects of the
disclosure.

FIG. 3A is a diagram illustrating an example of a network
architecture, in accordance with aspects of the disclosure.

FIG. 3B is a diagram illustrating an example of an access
network, in accordance with aspects of the disclosure.

FIG. 4A is a diagram illustrating an example of a frame
structure for use in an access network, in accordance with
aspects of the disclosure.

FIG. 4B is a diagram illustrating an example of a format for
an uplink (UL) in a Long Term Evolution (LTE) network, in
accordance with aspects of the disclosure.

FIG. 4C is a diagram illustrating an example of a radio
protocol architecture for the user and control plane, in accor-
dance with aspects of the disclosure.

FIGS. 5 and 6 are block diagrams illustrating examples of
wireless communication systems, in accordance with aspects
of the disclosure.

FIGS. 7A and 7B are diagrams illustrating examples of
aggregation level configurations related to common search
spaces for common control channel resources, in accordance
with aspects of the disclosure.

FIGS. 8A, 8B, and 8C are flow diagrams illustrating
examples of methods for wireless communication, in accor-
dance with aspects of the disclosure.

FIGS.9A, 9B, and 9C are block diagrams illustrating func-
tionality of an apparatus configured for wireless communica-
tion, in accordance with aspects of the disclosure.

DETAILED DESCRIPTION

The detailed description set forth below in connection with
the appended drawings is intended as a description of various
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4

configurations and is not intended to represent the only con-
figurations in which the concepts described herein may be
practiced. The detailed description includes specific details
for the purpose of providing a thorough understanding of
various concepts. However, it will be apparent to those skilled
in the art that these concepts may be practiced without these
specific details. In some instances, well known structures and
components are shown in block diagram form in order to
avoid obscuring such concepts.

In accordance with the disclosure, several aspects of tele-
communication systems will now be presented with reference
to various apparatus and methods. These apparatus and meth-
ods will be described in the following detailed description and
illustrated in the accompanying drawing by various blocks,
modules, components, circuits, steps, processes, algorithms,
etc. (collectively referred to as “elements”™). These elements
may be implemented utilizing electronic hardware, computer
software, or any combination thereof. Whether such elements
are implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system.

By way of example, an element, or any portion of an
element, or any combination of elements may be imple-
mented with a “processing system” that includes one or more
processors. Examples of processors include microprocessors,
microcontrollers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), state machines, gated logic, discrete hard-
ware circuits, and other suitable hardware configured to per-
form the various functionality described throughout this dis-
closure. One or more processors in the processing system
may execute software. Software shall be construed broadly to
mean instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules, appli-
cations, software applications, software packages, routines,
subroutines, objects, executables, threads of execution, pro-
cedures, functions, etc., whether referred to as software, firm-
ware, middleware, microcode, hardware description lan-
guage, or otherwise. The software may reside on a computer-
readable medium. The computer-readable medium may be a
non-transitory computer-readable medium. A non-transitory
computer-readable medium include, by way of example, a
magnetic storage device (e.g., hard disk, floppy disk, mag-
netic strip), an optical disk (e.g., compact disk (CD), digital
versatile disk (DVD)), a smart card, a flash memory device
(e.g., card, stick, key drive), random access memory (RAM),
read only memory (ROM), programmable ROM (PROM),
erasable PROM (EPROM), electrically erasable PROM (EE-
PROM), a register, a removable disk, and any other suitable
medium for storing software and/or instructions that may be
accessed and read by a computer. The computer-readable
medium may be resident in the processing system, external to
the processing system, or distributed across multiple entities
including the processing system. The computer-readable
medium may be embodied in a computer-program product.
By way of example, a computer-program product may
include a computer-readable medium in packaging materials.
Those skilled in the art will recognize how best to implement
the described functionality presented throughout this disclo-
sure depending on the particular application and the overall
design constraints imposed on the overall system.

The techniques described herein may be utilized for vari-
ous wireless communication networks such as Code Division
Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA)
networks, Single-Carrier FDMA (SC-FDMA) networks, etc.
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The terms “networks” and “systems” are often utilized inter-
changeably. A CDMA network may implement a radio tech-
nology such as Universal Terrestrial Radio Access (UTRA),
CDMA2000, etc. UTRA includes Wideband-CDMA
(W-CDMA) and Low Chip Rate (LCR). CDMA2000 covers
18-2000, IS-95 and IS-856 standards. A TDMA network may
implement a radio technology such as Global System for
Mobile Communications (GSM). An OFDMA network may
implement a radio technology such as Evolved UTRA
(E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, Flash-
OFDM®), etc. UTRA, E-UTRA, and GSM are part of Uni-
versal Mobile Telecommunication System (UMTS). Long
Term Evolution (LTE) is an upcoming release of UMTS that
uses E-UTRA. UTRA, E-UTRA, GSM, UMTS, and LTE are
described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). CDMA2000 is
described in documents from an organization named “3rd
Generation Partnership Project 2 (3GPP2). These various
radio technologies and standards are known in the art. For
clarity, certain aspects of the techniques are described below
for LTE, and LTE terminology is utilized in much of the
description below.

Single carrier frequency division multiple access (SC-
FDMA), which utilizes single carrier modulation and fre-
quency domain equalization is a technique. SC-FDMA has
similar performance and essentially the same overall com-
plexity as those of OFDMA system. SC-FDMA signal has
lower peak-to-average power ratio (PAPR) because of its
inherent single carrier structure. SC-FDMA has drawn great
attention, especially in the uplink communications where
lower PAPR greatly benefits the mobile terminal in terms of
transmit power efficiency. It is currently a working assump-
tion for uplink multiple access scheme in 3GPP Long Term
Evolution (LTE), or Evolved UTRA.

In an aspect of the disclosure, a wireless multiple-access
communication system is configured to simultaneously sup-
port communication for multiple wireless terminals. Each
terminal communicates with one or more base stations via
transmissions on the forward and reverse links. The forward
link or downlink (DL) refers to the communication link from
the base stations to the terminals, and the reverse link or
uplink (UL) refers to the communication link from the termi-
nals to the base stations. This communication link may be
established via a single-in-single-out, multiple-in-single-out,
or a multiple-in-multiple-out (MIMO) system.

A MIMO system employs multiple (N ) transmit antennas
and multiple (N) receive antennas for data transmission. A
MIMO channel formed by the N, transmit and N receive
antennas may be decomposed into N independent channels,
which are also referred to as spatial channels, where Ng=min
{N,, N }. Bach of the N independent channels corresponds
to a dimension. The MIMO system may provide improved
performance (e.g., higher throughput and/or greater reliabil-
ity) if the additional dimensionalities created by the multiple
transmit and receive antennas are utilized.

A MIMO system supports a time division duplex (TDD)
and frequency division duplex (FDD) systems. In a TDD
system, the forward and reverse link transmissions are on the
same frequency region so that the reciprocity principle allows
the estimation of the forward link channel from the reverse
link channel. This enables the access point to extract transmit
beamforming gain on the forward link when multiple anten-
nas are available at the access point.

As described herein, in a 3GPP system, to communicate a
control channel in the data region for a relay node (RN), DL
grants are transmitted in a first slot of a subframe. If the DL
grant is transmitted in a first Physical Resource Block (PRB)
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of'a given PRB pair, then a UL grant may be transmitted in a
second PRB of the PRB pair. For cases employing DeModu-
lation Reference Signals (DM-RS), the DL grant and UL
grant in a PRB pair is for the same RN. In these embodiments,
no Resource Elements (REs) in the PRB pair may be used for
a different RN. For cases employing a Common Reference
Signal (CRS), the DL grant and UL grant in the PRB pair may
be for the same or for different RNs. In these embodiments,
the details of transmission of the DL grant alone or the UL
grant alone may be determined. Accordingly, systems and
apparatuses providing control channel design in the data
region may be provided for LTE-Advanced (LTE-A) and
other wireless communication systems.

In an implementation, base stations may be configured to
communicate control data to wireless terminals (and/or vice
versa) over logical control channel resources, which may be
defined as a portion of frequency over time. For instance, in
LTE, the control channel resources may comprise a number of
orthogonal frequency division multiplexing (OFDM) sym-
bols starting at the beginning of a subframe. The OFDM
symbols may be contiguous or noncontiguous portions of
frequency over time. In an example, a subframe may com-
prise a fixed number of OFDM symbols. In addition, at least
a portion of the control channel resources may be common
among wireless terminals such that a wireless terminal may
need to search the control channel resources to locate control
data related to the wireless terminal.

To lessen the burden of searching a number of control
channel resources at the wireless terminal, base stations may
be configured to define a common search space and an aggre-
gation level in the common search space that may comprise
control data related to a given wireless terminal. For instance,
in a common search space including, for example, 16 control
channel elements (CCE), as defined in LTE release 8, an
aggregation level of 8 leaves only two candidates that may
include control data for a given wireless terminal. Therefore,
instead of searching all 16 CCEs in the common search space,
awireless terminal may need to only analyze the 2 candidates
to determine whether the candidates include control data
related to the wireless terminal for aggregation level 8. How-
ever, in LTE release 8, only aggregation levels 8 and 4 are
defined for the common search space.

FIG. 1A is a diagram illustrating an embodiment of an
apparatus 100 employing a processing system 114 and a
memory 105, in accordance with aspects of the disclosure.
The apparatus 100 is configured to operate as a node (e.g., a
wireless device, such as an access point, base station, relay,
access terminal, user equipment, etc.) in a wireless commu-
nication network and communicate with other nodes in the
wireless communication network.

In an aspect of the apparatus 100, the processing system
114 may be implemented with a bus architecture, represented
by a bus 102. The bus 102 may include any number of inter-
connecting buses and bridges depending on the specific appli-
cation of the processing system 114 and the overall design
constraints. The bus 102 links together various circuits
including one or more processors, represented generally by
the processor 104, and computer-readable media, represented
generally by the computer-readable medium 106. The bus
102 may also link various other circuits such as timing
sources, peripherals, voltage regulators, and power manage-
ment circuits, which are well known in the art, and therefore,
will not be described any further. An optional bus interface
108 may be utilized to provide an interface between the bus
102, the transceiver 110, and/or the optional user interface
112. As such, it should be appreciated that the transceiver 110
may be coupled directly to the bus 102 without the bus inter-



US 9,277,540 B2

7

face 108. The transceiver 110 provides a means for commu-
nicating with various other apparatus over a transmission
medium. The transceiver 110 may be configured as a trans-
mitter including a means for transmitting, as a receiver
including a means for receiving, and/or a transceiver includ-
ing a means for both transmitting and receiving. Depending
onthe nature of the apparatus 100, the user interface 112 (e.g.,
keypad, touchpad, monitor, display, speaker, microphone,
joystick) may also be provided to interface with a user.

The processor 104 is configured for managing the bus 102
and general processing, including the execution of software
stored on the computer-readable medium 106. The software,
when executed by the processor 104, causes the processing
system 114 to perform the various functions and/or opera-
tions described herein for any particular apparatus. The
memory 105 and/or the computer-readable medium 106 may
be utilized for storing data that is manipulated by the proces-
sor 104 when executing software.

FIG. 1B is a diagram illustrating a hardware implementa-
tion of an apparatus 140 comprising, for example, a process-
ing system 150 for wireless communication, in accordance
with aspects of the disclosure. The apparatus 140 is config-
ured to operate as a relay, and the processing system 150 is
configured to receive a signal, decode the received signal, and
forward or transmit the decoded signal. In an implementation,
the processing system 150 includes a processor 154 and a
memory 156 coupled together via a bus 160 for exchanging
data and information. The processing system 150 comprises a
transceiver 152 coupled to the processor 154 as shown in FI1G.
1B. In an implementation, the transceiver 152 may be inte-
grated as part of the processor 154. The transceiver 152 may
be configured to receive input signals. In an implementation,
the transceiver 152 may comprise a wireless receiving com-
ponent and/or a wired or optical input interface for receiving
input. The transceiver 152 is further configured to provide
output signals. In an implementation, the transceiver 152 may
comprise a wireless transmitting component and/or a wired or
optical output interface for transmitting output. As such, the
transceiver 152 may comprise a means for receiving and/or a
means for transmitting.

In accordance with aspects of the disclosure, the process-
ing systems 114, 150 of FIGS. 1A and 1B may be configured
to utilize a control channel configuration module for scram-
bling (or encoding) one or more control channels with an
identifier, such as a special Radio Network Temporary Iden-
tifier (RNTI) value or MAC identification (ID) value. In an
implementation, each receiving node in the wireless commu-
nication system may be configured to decode the scrambled
(or encoded) control channel with the identifier. As such, the
identifier (e.g., RNTI value or MAC ID value) may be known
by various nodes, such as Relay Nodes (RNs), Base Stations
(BSs), Access Points (APs), and/or Access Terminals (ATs),
in the wireless communication network. In some implemen-
tations, the control channel is utilized by nodes to update
system information and/or page other nodes, such as RNs. In
some implementations, the control channel may be an anchor
control channel.

In accordance with aspects of the disclosure, the process-
ing systems 114, 150 of FIGS. 1A and 1B may be configured
to utilize the control channel configuration module for con-
veying control span information in a number of different
ways. For instance, different interleavers may be employed
for different control spans, and receiving nodes may apply
blind decoding or testing on different hypotheses (e.g., dif-
ferent potential interleavers) to determine control spans and
decode the control channels. As such, in various implemen-
tations, receiving nodes may apply blind hypothesis testing
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for different potential interleavers to determine control spans
and decode the control channels. In an implementation, a
control channel in the data region (e.g., a R-PDCCH in the
relay context) may span multiple Resource Blocks (RBs), and
an interleaver may be used to spread out the R-PDCCH over
multiple RBs. It should be appreciated that while the term
R-PDCCH may be used herein, the term may generally apply
to any control channel mapped to a data region.

In another implementation, the control span for uplink
(UL) grant information may be linked to the control span of
the downlink (DL) grant information. For example, the con-
trol spans may be the same in some embodiments. In another
example, the DL control span may be the lower (or upper)
bound of the UL control span.

In another implementation, the aggregation level for con-
trol for the UL grant information may be linked to the aggre-
gation size of the DL grant information for the same node
(e.g., RN or UE). For example, the aggregation level and size
may be the same in some embodiments. In another example,
the aggregation size of the grant in the DL may be the lower
(or upper) bound of the aggregation size of the UL grant.

In another implementation, an interleaver utilized for the
UL grant information may be linked to an interleaver used for
DL grant information. For example, an interleaver may be a
shifted version of another interleaver. Such a configuration
may, in some embodiments, enable a receiver to retrieve
received resource Elements (REs) when trying different blind
decoding (e.g., blind hypothesis testing for different potential
interleavers) of the DL grant and the UL grant in the same
physical resource.

In accordance with aspects of the disclosure, the process-
ing systems 114, 150 of FIGS. 1A and 1B may be configured
to utilize the control channel configuration module to map DL
grant information and/or UL grant information to Resource
Elements (REs). This may be achieved, for example, by first
mapping the DL grant information to the DL control region
and then mapping the UL grant information to the UL control
region. In an implementation, the UL control region may be
orthogonal to the DL control region in the frequency domain
and/or in the time domain or both of them, for example, so that
the UL control region and the DL control region do not
overlap.

In some implementations, when there are available UL
grants when the REs in the control region have all been used,
a UL grant may be mapped to all or part of the unused region
of'the DL grant region. The region used for the UL grant in the
DL control region may be restricted such that receivers may
apply blind decoding (e.g., blind hypothesis testing for dif-
ferent potential interleavers) to find out the existence and
length of the extended control region for the UL grant in the
DL control region.

FIG. 2 is a diagram illustrating an embodiment of a mul-
tiple access wireless communication system, in accordance
with aspects of the disclosure. An access point 200 (AP)
includes multiple antenna groups, for example, one including
204 and 206, another including 208 and 210, and an addi-
tional including 212 and 214. In FIG. 2, only two antennas are
shown for each antenna group; however, more or fewer anten-
nas may be utilized for each antenna group. In an implemen-
tation, an access terminal 216 (AT) is in communication with
antennas 212 and 214, where antennas 212 and 214 transmit
information to access terminal 216 over forward link or
downlink (DL) 220 and receive information from access ter-
minal 216 over reverse link or uplink (UL) 218. In an imple-
mentation, an access terminal 222 is in communication with
antennas 206 and 208, where antennas 206 and 208 transmit
information to access terminal 222 over forward link or
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downlink (DL) 226 and receive information from access ter-
minal 222 over reverse link or uplink (UL) 224. In various
implementations, one or more relay devices (i.e., relay nodes)
may be positioned proximate to the access point 200 and the
access terminals 216, 222 to relay communications therebe-
tween, respectively.

In accordance with aspects of the disclosure, in a frequency
division duplexing (FDD) system, the communication links
218, 220, 224 and 226 may use different frequency for com-
munication. For example, the forward link or downlink (DL)
220 may use a different frequency then that utilized by the
reverse link or uplink (UL) 218.

In accordance with aspects of the disclosure, each group of
antennas and/or the area in which they are designed to com-
municate may be referred to as a sector of the access point. In
an example, each antenna group may be designed to commu-
nicate to access terminals in a sector of the areas covered by
the access point 200.

In accordance with aspects of the disclosure, when com-
municating over the forward links or downlinks (DLs) 220,
226, the transmitting antennas of the access point 200 utilize
beamforming to improve a signal-to-noise ratio of the for-
ward links or downlinks 220, 226 for the different access
terminals 216 and 224, respectively. Also, in an implementa-
tion, an access point utilizing beamforming to transmit to
access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring
cells than an access point transmitting through a single
antenna to all its access terminals.

In accordance with aspects of the disclosure, an access
point may be a fixed station utilized for communicating with
the terminals and may also be referred to as an access point
(AP), a Node B (NB), evolved Node B (eNB), or some other
terminology. An access terminal may be referred to as an
access terminal (AT), user equipment (UE), a wireless com-
munication device, terminal, or some other terminology.
Moreover, an access point may be a macrocell access point,
femtocell access point, picocell access point, and/or the like.

In various embodiments, as described herein, one or more
segments or one or more extension carriers may be linked to
a regular carrier resulting in a composite bandwidth over
which the UE may transmit information to, and/or receive
information from, the eNB.

In accordance with aspects of the disclosure, the wireless
communication system of FIG. 2 facilitates communicating
common control data over control resources at various aggre-
gation levels. The access point (AP) 200 may be configured to
provide wireless network access to the access terminals (ATs)
216, 222. The access point 802 may comprise an aggregation
level selecting module that is configured to determine an
aggregation level for transmitting control data related to each
of the access terminals 216, 222 over common control
resources and a control data communicating module that
transmits the control data to the access terminals 216, 222 in
a common search space using the aggregation level. The
access terminals 216, 222 may comprise a control resource
monitoring module that searches common control resources
for data related to the access terminals 216, 222 and a control
data determining module that extracts control data from the
common control resources.

In an implementation, the aggregation level selecting mod-
ule may be utilized to determine an aggregation level for
communicating control data over common control resources
to the access terminals 216, 222. In an example, the common
control resources may relate to PDCCH, Relay-PDCCH, and/
or similar resources. In addition, the aggregation level select-
ing module may be utilized to determine the aggregation level
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for the access terminals 216, 222 (e.g., based on SNR,
required bandwidth, etc.) and may utilize not only aggrega-
tion levels 8 and 4 for 16 CCE common search space, but also
levels less than 4 (e.g., 1, 2, etc.). The control data commu-
nicating module may be utilized to transmit control data for
each access terminal 216, 222 in the common control
resources in at least one common search space using the
selected aggregation level. These and other aspects are
described in greater detail herein.

In an implementation, the control resource monitoring
module may be utilized to search the common search spaces
of the common control resources to locate control data
resources related to the access terminals 216, 222. In an
example, the control resource monitoring module may be
utilized to search the common search space at corresponding
aggregation levels to enhance the searching process. Once the
control resource monitoring module is utilized to locate con-
trol data in the common control resources related to the access
terminals 216, 222, the control data determining module may
be utilized to determine control data in the corresponding
resources.

In an implementation, the aggregation level selecting mod-
ule may be utilized to schedule an aggregation level 2 in the
common search space for control data related to the access
terminals 216, 222. In an example, the control data commu-
nicating module may be utilized to populate consecutive can-
didates, each including 2 contiguous Control Channel Ele-
ments (CCEs), of the common search space with the control
data, starting with the first CCE in the common search space.
In another example, the control data communicating module
may be utilized to populate non-consecutive candidates of 2
contiguous CCEs of the common search space with the con-
trol data. It should be appreciated that the population scheme
utilized by the control data communicating module may be
defined according to a configuration, hardcoding, network
specification, etc., and/or may be dynamic for a given access
terminal, in a given subframe, and/or the like. As such, in an
implementation, the control resource monitoring module
may be utilized to search the common search space within the
control data resources and determine whether the contiguous
or non-contiguous aggregation level 2 CCEs relate to an
access terminal.

In an implementation, an aggregation level of a common
search space related to common control resources may be
determined, and control data may be received over the com-
mon control resources. As described herein, the aggregation
level may be level 8, 4, less than 4, etc. for 16 control channel
elements (CCEs). In an example, control data may be
received from one or more candidates in the common search
space that include contiguous CCEs according to the aggre-
gation level. As described herein, when the aggregation level
is less than 4, the candidates may be contiguous or non-
contiguous, and the candidates may not comprise the entire
common search space.

FIG. 3A is a diagram illustrating an embodiment of a Long
Term Evolution (LTE) network architecture 300, in accor-
dance with aspects of the disclosure. The LTE network archi-
tecture 300 may be referred to as an Evolved Packet System
(EPS) 300. The EPS 300 may include one or more user
equipment (UE) 302, an Evolved UMTS Terrestrial Radio
Access Network (E-UTRAN) 304, an Evolved Packet Core
(EPC) 310, a Home Subscriber Server (HSS) 320, and an
Operator’s IP Services 322. The EPS may interconnect with
other access networks, but for simplicity, those entities/inter-
faces are not shown. As shown in FIG. 3A, the EPS 300
provides packet-switched services. However, as those skilled
in the art will readily appreciate, the various concepts pre-
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sented throughout this disclosure may be extended to net-
works providing circuit-switched services. Further, it should
be appreciated that each of the apparatuses and/or devices in
the EPS 300 may each comprise the apparatus 100 of FIG. 1,
without departing from the scope of the disclosure.

The E-UTRAN includes the evolved Node B (eNB) 306
and/or one or more other eNBs 308. The eNB 306 provides
user and control plane protocol terminations toward the UE
302. The eNB 306 may be connected to one or more other
eNBs 308 via an X2 interface (i.e., backhaul). The eNB 306
may be referred to by those skilled in the art as a base station,
a base transceiver station, a radio base station, a radio trans-
ceiver, a transceiver function, a basic service set (BSS), an
extended service set (ESS), or some other suitable terminol-
ogy. The eNB 306 provides an access point to the EPC 310 for
a UE 302. Examples of the UE 302 include a cellular phone,
a smart phone, a session initiation protocol (SIP) phone, a
laptop, a personal digital assistant (PDA), a satellite radio, a
global positioning system (GPS), a multimedia device, a
video device, a digital audio player (e.g., MP3 player), a
camera, a game console, or any other similar functioning
device. The UE 302 may be referred to by those skilled in the
art as a mobile station, a subscriber station, a mobile unit, a
subscriber unit, a wireless unit, a remote unit, a mobile
device, a wireless device, a wireless communications device,
a remote device, a mobile subscriber station, an access termi-
nal, amobile terminal, a wireless terminal, a remote terminal,
ahandset, a user agent, a mobile client, a client, or some other
suitable terminology. In an implementation, a relay device
(i.e., relay node (RN)) may be interposed between the UE 302
and the eNodeB 306 to relay communications therebetween.

The eNB 306 is connected by an S1 interface to the EPC
310. The EPC 310 includes a Mobility Management Entity
(MME) 312, other MMEs 314, a Serving Gateway 316, and a
Packet Data Network (PDN) Gateway 318. The MME 312 is
the control node that processes the signaling between the UE
302 and the EPC 310. The MME 312 is configured to provide
bearer and connection management. User IP packets are
transferred through the Serving Gateway 316, which itself is
connected to the PDN Gateway 318. The PDN Gateway 318
provides UE Internet Protocol (IP) address allocation and/or
other functions. The PDN Gateway 318 is connected to the
Operator’s IP Services 322. The Operator’s IP Services 322
may include the Internet, an intranet, an IP Multimedia Sub-
system (IMS), and a PS Streaming Service (PSS).

FIG. 3B is a diagram illustrating an example of an access
network in an LTE network architecture, in accordance with
aspects of the disclosure. In an example, the access network
350 is divided into a number of cellular regions (cells) 352.
One or more lower power class eNBs 358, 362 may have
cellular regions 360, 364, respectively, that overlap with one
or more of the cellular regions or cells 352. The lower power
class eNBs 358, 362 may be femto cells (e.g., home eNBs
(HeNBs)), pico cells, or micro cells. A higher power class or
macro eNB 354 is assigned to a cell 352 and is configured to
provide an access point to the EPC 310 for the UEs 356 in the
cell 352. Even though there is no centralized controller in this
example of the access network 350, a centralized controller
may be utilized in alternative configurations. The eNB 354 is
responsible for one or more radio related functions including
radio bearer control, admission control, mobility control,
scheduling, security, and connectivity to the serving gateway
316 (e.g., in FIG. 3A).

The modulation and multiple access scheme utilized by the
access network 350 may vary depending on a particular tele-
communications standard being deployed. In LTE applica-
tions, OFDM is utilized on the downlink (DL) and SC-FDMA
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is utilized on the uplink (UL) to support both frequency
division duplexing (FDD) and time division duplexing
(TDD). As those skilled in the art may readily appreciate from
the description that follows, the various concepts presented
herein are well suited for LTE applications. However, these
concepts may be readily extended to various other telecom-
munication standards utilizing other modulation and multiple
access techniques. By way of example, these concepts may be
extended to Evolution-Data Optimized (EV-DO) or Ultra
Mobile Broadband (UMB). EV-DO and UMB are air inter-
face standards promulgated by the 3rd Generation Partner-
ship Project 2 (3GPP2) as part of the CDMA2000 family of
standards and employs CDMA to provide broadband Internet
access to mobile stations. These concepts may also be
extended to Universal Terrestrial Radio Access (UTRA)
employing Wideband-CDMA (W-CDMA) and other variants
of CDMA, such as TD-SCDMA; Global System for Mobile
Communications (GSM) employing TDMA; and Evolved
UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, and
Flash-OFDM employing OFDMA. UTRA, E-UTRA,
UMTS, LTE and GSM are described in documents from the
3GPP organization. CDMA2000 and UMB are described in
documents from the 3GPP2 organization. It should be appre-
ciated that the actual wireless communication standard and
the multiple access technology employed will depend on the
specific application and the overall design constraints
imposed on the system.

In an aspect of the disclosure, the eNB 354 may have
multiple antennas supporting MIMO technology. The utiliza-
tion of MIMO technology enables the eNB 354 to exploit the
spatial domain to support spatial multiplexing, beamforming,
and transmit diversity.

Spatial multiplexing may be utilized to transmit different
streams of data simultaneously on the same frequency. In an
example, data steams may be transmitted to a single UE 356
to increase data rate, or in another example, data steams may
be transmitted to multiple UEs 356 to increase overall system
capacity. This may be achieved by spatially precoding each
data stream (i.e., applying a scaling of an amplitude and a
phase) and then transmitting each spatially precoded stream
through multiple transmit antennas on the downlink (DL).
The spatially precoded data streams arrive at the UE(s) 356
with different spatial signatures, which enables each of the
UE(s) 356 to recover the one or more data streams destined
for that UE 356. On the uplink (UL), each UE 356 transmits
a spatially precoded data stream, which enables the eNB 354
to identify the source of each spatially precoded data stream.
In various implementations, one or more relay devices (i.e.,
relay nodes (RNs)) may be positioned between or at least
proximate to one or more eNBs 354 and one or more UEs 356
to relay communications therebetween.

In accordance with aspects of the disclosure, spatial mul-
tiplexing is utilized when channel conditions are favorable.
When channel conditions are less favorable, beamforming
may be utilized to focus transmission energy in one or more
directions. This may be achieved by spatially precoding the
data for transmission through multiple antennas. To achieve
good coverage at the edges of a cell, a single stream beam-
forming transmission may be utilized in combination with
transmit diversity.

Various aspects of an access network will be described with
reference to a MIMO system supporting OFDM on downlink
(DL) and SC-FDMA on uplink (UL). OFDM is a spread-
spectrum technique that modulates data over a number of
subcarriers within an OFDM symbol. The subcarriers are
spaced apart at precise frequencies. The spacing provides
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“orthogonality” that enables a receiver to recover data from
subcarriers. In the time domain, a guard interval (e.g., cyclic
prefix) may be added to each OFDM symbol to combat inter-
OFDM-symbol interference. The uplink may use SC-FDMA
in the form of a DFT-spread OFDM signal to compensate for
high peak-to-average power ratio (PARR).

In accordance with aspects of the disclosure, various frame
structures may be utilized to support downlink (DL) and
uplink (UL) transmissions. An example of a DL frame struc-
ture will now be presented with reference to FIG. 4A. How-
ever, as those skilled in the art will readily appreciate, the
frame structure for any particular application may be different
depending on any number of factors. In this example, a frame
(10 ms) is divided into 10 equally sized sub-frames. Each
sub-frame includes two consecutive time slots.

In an implementation, a resource grid may be utilized to
represent two time slots, each time slot including a Resource
Block (RB). The resource grid is divided into multiple
Resource Elements (REs). In LTE, a Resource Block (RB)
may include 12 consecutive subcarriers in the frequency
domain and, for a normal cyclic prefix in each OFDM sym-
bol, 7 consecutive OFDM symbols in the time domain, or 84
Resource Elements (REs). Some of the REs, as indicated as R
402 and 404, may include DL Reference Signals (DL-RS).
The DL-RS include Cell-specific RS (CRS) (which may be
referred to as common RS) 402 and UE-specific RS (UE-RS)
404. UE-RS 404 may be transmitted only on the RBs upon
which a corresponding Physical Downlink Shared CHannel
(PDSCH) is mapped. The number of bits carried by each RE
may depend on the modulation scheme. As such, the more
RBs thata UE receives and the higher the modulation scheme,
the higher the data rate for the UE.

Referring to FIG. 4B, an example of a UL frame structure
420 is provided in an embodiment of a format for the UL in
LTE. Available Resource Blocks (RBs) for the UL may be
partitioned into a data section and a control section. The
control section may be formed at the two edges of the system
bandwidth and may have a configurable size. The RBs in the
control section may be assigned to UEs for transmission of
control information. The data section may include RBs not
included in the control section. The design in FIG. 4B results
in the data section including contiguous subcarriers, which
may allow a single UE to be assigned one or more of the
contiguous subcarriers in the data section.

In an implementation, a UE may be assigned Resource
Blocks (RBs) 430a, 4305 in a control section to transmit
control information to an eNB. The UE may be assigned RBs
440a, 4405 in a data section to transmit data to the eNB. The
UE may transmit control information in a Physical Uplink
Control CHannel (PUCCH) on the assigned RBs in the con-
trol section. The UE may transmit only data or both data and
control information in a Physical Uplink Shared CHannel
(PUSCH) on the assigned RBs in the data section. A UL
transmission may span both slots of a subframe and may hop
across frequency, in a manner as shown in FIG. 4B.

In an aspect of the disclosure, referring to FIG. 4B, a set of
RBs may be utilized to perform initial system access and
achieve UL synchronization in a Physical Random Access
CHannel (PRACH) 450. The PRACH 450 is configured to
carry a random sequence and cannot carry any UL data/
signaling. Each random access preamble occupies bandwidth
corresponding to six consecutive RBs. The starting frequency
may be specified by the network. That is, the transmission of
the random access preamble is restricted to certain time and
frequency resources. There is no frequency hopping for the
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PRACH. The PRACH attempt is carried in a single subframe
(1 ms), and a UE may make only a single PRACH attempt per
frame (10 ms).

It should be appreciated that the PUCCH, PUSCH, and
PRACH in LTE are described in reference to 3GPP TS
36.211, entitled “Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation,” which is
publicly available.

The radio protocol architecture may take on various forms
depending on the particular application. An example for an
LTE system will now be presented with reference to FIG. 4C.
In an aspect of the disclosure, FIG. 4C is a conceptual dia-
gram illustrating an example of the radio protocol architec-
ture for the user and control planes.

Referring to FIG. 4C, the radio protocol architecture for the
UE and the eNB is shown with three layers: Layer 1 (L1),
Layer 2 (L.2), and Layer 3 (L3). L1 is the lowest layer and
implements various physical layer signal processing func-
tions. L1 is referred to herein as a physical layer 466. 1.2 468
is above the physical layer (L.1) 466 and is responsible for the
link between the UE and eNB over the physical layer (L1)
466.

In the user plane, the [.2 layer 468 includes a media access
control (MAC) sublayer 470, a radio link control (RLC) sub-
layer 472, and a Packet Data Convergence Protocol (PDCP)
474 sublayer, which are terminated at the eNB on the network
side. Although not shown, the UE may have several upper
layers above the .2 layer 468 including a network layer (e.g.,
IP layer) that is terminated at the PDN gateway 318 (e.g., see
FIG. 3A) on the network side, and an application layer that is
terminated at the other end of the connection (e.g., farend UE,
server, etc.).

The PDCP sublayer 474 provides multiplexing between
different radio bearers and logical channels. The PDCP sub-
layer 474 may provide header compression for upper layer
data packets to reduce radio transmission overhead, security
by ciphering the data packets, and/or handover support for
UEs between eNBs. The RLC sublayer 472 provides segmen-
tation and reassembly of upper layer data packets, retrans-
mission of lost data packets, and/or reordering of data packets
to compensate for out-of-order reception due to Hybrid Auto-
matic Repeat Request (HARQ). The MAC sublayer 470 pro-
vides multiplexing between logical and transport channels,
and the MAC sublayer 470 is responsible for allocating the
various radio resources (e.g., RBs) in one cell among the UEs.
The MAC sublayer 470 is responsible for HARQ operations.

In the control plane, the radio protocol architecture for the
UE and eNB is substantially the same for the physical layer
466 and the L2 layer 468 with the exception that there is no
header compression function for the control plane. The con-
trol plane includes a Radio Resource Control (RRC) sublayer
476 in Layer 3. The RRC sublayer 476 is responsible for
obtaining radio resources (i.e., radio bearers) and for config-
uring the lower layers utilizing RRC signaling between the
eNB and the UE.

FIG. 5 is a block diagram of an embodiment of a transmit-
ter system 510 (e.g., an access point) and a receiver system
550 (e.g., an access terminal) in a MIMO system 500, in
accordance with an aspect of the disclosure. At the transmitter
system 510, traffic data for a number of data streams is pro-
vided from a data source 512 to a transmit (1X) data proces-
sor 514. Each data stream may be transmitted over a respec-
tive transmit antenna, and the TX data processor 514 may
format, code, and interleave the traffic data for each data
stream based on a particular coding scheme selected for that
data stream to provide coded data. In an implementation, a
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relay system may be interposed between the transmitter sys-
tem 510 and the receiver system 550 to relay communications
therebetween.

The coded data for each data stream may be multiplexed
with pilot data utilizing Orthogonal Frequency Division Mul-
tiplexing (OFDM) techniques. The pilot data is typically a
known data pattern that is processed in a known manner and
may be utilized at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data
stream is then modulated (i.e., symbol mapped) based on a
particular modulation scheme (e.g., Binary Phase-Shift Key-
ing (BPSK), Quadrature Phase-Shift Keying (QPSK),
M-Phase-Shift Keying (M-PSK), M-Quadrature Amplitude
Modulation (M-QAM)) selected for that data stream to pro-
vide modulation symbols. The data rate, coding, and modu-
lation for each data stream may be determined by instructions
performed by processor 530.

The modulation symbols for all data streams are then pro-
vided to a TX MIMO processor 520, which may further
process the modulation symbols (e.g., for OFDM). The TX
MIMO processor 520 then provides N, modulation symbol
streams to the N - transmitters (TMTR) 5224 through 522¢. In
certain embodiments, the TX MIMO processor 520 applies
beamforming weights to the symbols of the data streams and
to the antenna from which the symbol is being transmitted.

Each transmitter 522 receives and processes a respective
symbol stream to provide one or more analog signals, and
further conditions (e.g., amplifies, filters, and upconverts) the
analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N, modulated signals
from the transmitters 522a through 522¢ are then transmitted
from the N, antennas 524a through 524¢, respectively.

At the receiver system 550, the transmitted modulated
signals are received by the N antennas 5524 through 552~
and the received signal from each antenna 552 is provided to
a respective receiver (RCVR) 554a through 554r. Each
receiver 554 conditions (e.g., filters, amplifies, and/or down-
converts) a respective received signal, digitizes the condi-
tioned signal to provide samples, and further processes the
samples to provide a corresponding “received” symbol
stream.

An RX data processor 560 then receives and processes the
Ny, received symbol streams from the N, receivers 554 based
on a particular receiver processing technique to provide N,
“detected” symbol streams. The RX data processor 560 then
demodulates, deinterleaves, and decodes each detected sym-
bol stream to recover the traffic data for the data stream. The
processing by the RX data processor 560 is complementary to
that performed by the TX MIMO processor 520 and the TX
data processor 514 at the transmitter system 510. In an
embodiment, a processor 570 is configured to periodically
determine which pre-coding matrix to use (discussed below).
The processor 570 formulates a reverse link or UL message
comprising a matrix index portion and a rank value portion.

In an aspect of the disclosure, the reverse link or UL mes-
sage may comprise various types of information regarding the
communication link and/or the received data stream. The
reverse link or uplink (UL) message is then processed by a TX
data processor 538, which also receives traffic data for a
number of data streams from a data source 536, modulated by
a modulator 580, conditioned by the transmitters 554a
through 554, and transmitted back to the transmitter system
510.

At the transmitter system 510, the modulated signals from
the receiver system 550 are received by the antennas 524,
conditioned by the receivers 522, demodulated by a demodu-
lator 540, and processed by a RX data processor 542 to extract

10

15

20

25

30

35

40

45

50

55

60

65

16

the reverse link or uplink (UL) message transmitted by the
receiver system 550. The processor 530 then determines
which pre-coding matrix to use for determining the beam-
forming weights then processes the extracted message.

In accordance with aspects of the disclosure, logical chan-
nels are classified into Control Channels and Traffic Chan-
nels. Logical Control Channels comprises Broadcast Control
CHannel (BCCH), which is downlink (DL) channel for
broadcasting system control information. Paging Control
CHannel (PCCH), which is DL channel that transfers paging
information. Multicast Control CHannel (MCCH), which is
point-to-multipoint DL channel utilized for transmitting
Multimedia Broadcast and Multicast Service (MBMS)
scheduling and control information for one or several
MTCHs. Generally, after establishing RRC connection, this
channel is only utilized by UEs that receive MBMS (Note: old
MCCH+MSCH). Dedicated Control CHannel (DCCH) is
point-to-point bi-directional channel that transmits dedicated
control information and utilized by UEs having an RRC con-
nection. Logical Traffic Channels comprise a Dedicated Traf-
fic Channel (DTCH), which is point-to-point bi-directional
channel, dedicated to one UE, for the transfer of user infor-
mation. Also, a Multicast Traffic CHannel (MTCH) for point-
to-multipoint DL channel for transmitting traffic data.

In accordance with aspects of the disclosure, Transport
Channels may be classified into downlink (DL) and uplink
(UL). DL Transport Channels comprises a Broadcast CHan-
nel (BCH), Downlink Shared Data CHannel (DL-SDCH) and
a Paging CHannel (PCH), the PCH for support of UE power
saving (DRX cycle is indicated by the network to the UE),
broadcasted over entire cell and mapped to PHY resources
which may be utilized for other control/traffic channels. The
UL Transport Channels comprises a Random Access CHan-
nel (RACH), a Request CHannel (REQCH), an Uplink
Shared Data CHannel (UL-SDCH) and plurality of PHY
channels. The PHY channels comprise a set of Downlink
(DL) channels and Uplink (UL) channels.

The DL PHY channels comprises:

Common Pilot CHannel (CPICH)

Synchronization CHannel (SCH)

Common Control CHannel (CCCH)

Shared DL Control CHannel (SDCCH)

Multicast Control CHannel (MCCH)

Shared UL Assignment CHannel (SUACH)

Acknowledgement CHannel (ACKCH)

DL Physical Shared Data CHannel (DL-PSDCH)

UL Power Control CHannel (UPCCH)

Paging Indicator CHannel (PICH)

Load Indicator CHannel (LICH)

The UL PHY Channels comprises:

Physical Random Access CHannel (PRACH)

Channel Quality Indicator CHannel (CQICH)

Acknowledgement CHannel (ACKCH)

Antenna Subset Indicator CHannel (ASICH)

Shared Request CHannel (SREQCH)

UL Physical Shared Data CHannel (UL-PSDCH)

Broadband Pilot CHannel (BPICH)

In an aspect of the disclosure, a channel structure is pro-
vided that preserves low PAR (at any given time, the channel
is contiguous or uniformly spaced in frequency) properties of
a single carrier waveform.

For the purposes of the disclosure, the following abbrevia-
tions apply:

ACK Acknowledgement

AM Acknowledged Mode

AMD Acknowledged Mode Data

AMR Adaptive Multi-Rate
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ARQ Automatic Repeat Request
BCCH Broadcast Control CHannel
BCH Broadcast CHannel
BPSK Binary Phase-Shift Keying
BW Bandwidth
C- Control-
CCE Control Channel Element
CCCH Common Control CHannel
CCH Control CHannel
CCTrCH Coded Composite Transport CHannel
CDM Code Division Multiplexing
CP Cyclic Prefix
CQI Channel Quality Indicator
CRC Cyclic Redundancy Check
CRS Common Reference Signal
CTCH Common Traffic CHannel
DCCH Dedicated Control CHannel
DCH Dedicated CHannel
DCI Downlink Control Information
DL DownLink
DL-SCH Downlink Shared CHannel
DM-RS DeModulated Reference Signal
DRS Dedicated Reference Signal
DSCH Downlink Shared CHannel
DTCH Dedicated Traffic CHannel
E-CID Enhanced Cell IDentification
EPS Evolved Packet System
FACH Forward link Access CHannel
FDD Frequency Division Duplex
FDM Frequency Division Multiplex
FSTD Frequency Switched Transmit Diversity
HARQ Hybrid Automatic Repeat/reQuest
L1 Layer 1 (physical layer)
L2 Layer 2 (data link layer)
L3 Layer 3 (network layer)
LI Length Indicator
LLR Log-Likelihood Ratio
LSB Least Significant Bit
MAC Medium Access Control
MBMS Multimedia Broadcast Multicast Service
MBSFN Multicast Broadcast Single Frequency Network
MCCH MBMS point-to-multipoint Control CHannel
MCH Multicast CHannel
M-PSK M-Phase-Shift Keying
M-QAM M-Quadrature Amplitude Modulation
MRW Move Receiving Window
MSB Most Significant Bit
MSCH MBMS point-to-multipoint Scheduling CHannel
MTCH MBMS point-to-multipoint Traffic CHannel
NAK Non-Acknowledgement
OFDM Orthogonal Frequency Division Multiplexing
PA Power Amplifier
PCCH Paging Control CHannel
PCH Paging CHannel
PCI Physical Cell Identifier
PDCCH Physical Downlink Control CHannel
PCFICH Physical Control Format Indicator CHannel
PDSCH Physical Downlink Shared CHannel
PHICH Physical HARQ Indicator CHannel
PDU Protocol Data Unit
PHY PHYsical layer
PhyCH Physical CHannels
PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRB Physical Resource Block
PSS/SSS Primary/Secondary Synchronization Signals
PUCCH Physical Uplink Control CHannel
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PUSCH Physical Uplink Shared CHannel

QPSK Quadrature Phase-Shift Keying

R- Relay

RACH Random Access CHannel

RB Resource Block

RLC Radio Link Control

RRC Radio Resource Control

RE Resource Element

R-PDCCH Relay-Physical Downlink Control Channel

R-PHICH Relay-Physical HARQ Indicator CHannel

RS Reference Signal

RTT Round Trip Time

Rx Receive

SAP Service Access Point

SDU Service Data Unit

SFBC Space Frequency Block Code

SHCCH SHared Control CHannel

SINR Signal-to-Interference-and-Noise Ratio

SN Sequence Number

SR Scheduling Request

SRS Sounding Reference Signal

SU-MIMO Single User Multiple Input Multiple Output

SUFI SUper Fleld

TA Timing Advance

TCH Traftic CHannel

TDD Time Division Duplex

TDM Time Division Multiplex

TFI Transport Format Indicator

TPC Transmit Power Control

TTI Transmission Time Interval

Tx Transmit

U- User-

UE User Equipment

UL UpLink

UM Unacknowledged Mode

UMD Unacknowledged Mode Data

UMTS Universal Mobile Telecommunications System

UTRA UMTS Terrestrial Radio Access

UTRAN UMTS Terrestrial Radio Access Network

In accordance with aspects of the disclosure, the systems,
apparatus, and methods described herein are configured for
allocating downlink (DL) and/or uplink (UL) grants associ-
ated with a control channel in a wireless communication
system. Various examples presented herein are given for the
case of a specific control channel (e.g., Physical Downlink
Control Channel (PDCCH), Relay-Physical Downlink Con-
trol CHannel (R-PDCCH), etc.). However, it should be appre-
ciated that various aspects described herein may be applied to
any suitable control channel. Moreover, it should be appreci-
ated that the claimed subject matter is not intended to be
limited to any specific control channel(s) unless stated other-
wise.

In accordance with an aspect of the disclosure, FIG. 6 is a
block diagram of an eNB 610 in communication with a UE
650 in an access network. Inthe DL, upper layer packets from
the core network are provided to a controller/processor 675.
The controller/processor 675 implements the functionality of
the [.2 layer described herein with reference to FIG. 6. In the
DL, the controller/processor 675 provides header compres-
sion, ciphering, packet segmentation and reordering, multi-
plexing between logical and transport channels, and radio
resource allocations to the UE 650 based on various priority
metrics. The controller/processor 675 is also responsible for
HARQ operations, retransmission of lost packets, and signal-
ing to the UE 650. In an implementation, a relay device (i.e.,
relay node (RN)) may be interposed between the eNB 610 and
the UE 650 to relay communications therebetween.
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The TX processor 616 implements various signal process-
ing functions for the L1 layer (i.e., physical layer). The signal
processing functions includes coding and interleaving to
facilitate forward error correction (FEC) at the UE 650 and
mapping to signal constellations based on various modulation
schemes (e.g., Binary Phase-Shift Keying (BPSK), Quadra-
ture Phase-Shift Keying (QPSK), M-Phase-Shift Keying
(M-PSK), M-Quadrature Amplitude Modulation (M-QAM)).
The coded and modulated symbols are then split into parallel
streams. Each stream is then mapped to an OFDM subcarrier,
multiplexed with a reference signal (e.g., pilot) in the time
and/or frequency domain, and then combined together utiliz-
ing an Inverse Fast Fourier Transform (IFFT) to produce a
physical channel carrying a time domain OFDM symbol
stream. The OFDM stream is spatially precoded to produce
multiple spatial streams.

Channel estimates from a channel estimator 674 may be
utilized to determine the coding and modulation scheme, as
well as for spatial processing. The channel estimate may be
derived from a reference signal and/or channel condition
feedback transmitted by the UE 650. Each spatial stream is
then provided to a different antenna 620 via a separate trans-
mitter 618TX. Each transmitter 618TX modulates an RF
carrier with a respective spatial stream for transmission. At
the UE 650, each receiver 654RX receives a signal through its
respective antenna 652. Each receiver 654RX recovers infor-
mation modulated onto an RF carrier and provides the infor-
mation to the receiver (RX) processor 656.

The RX processor 656 is configured to implement various
signal processing functions of the [.1 layer. The RX processor
656 performs spatial processing on the information to recover
any spatial streams destined for the UE 650. If multiple spa-
tial streams are destined for the UE 650, they may be com-
bined by the RX processor 656 into a single OFDM symbol
stream. The RX processor 656 then converts the OFDM sym-
bol stream from the time-domain to the frequency domain
utilizing a Fast Fourier Transform (FFT). The frequency
domain signal comprises a separate OFDM symbol stream
for each subcarrier of the OFDM signal. The symbols on each
subcarrier, and the reference signal, is recovered and
demodulated by determining the most likely signal constel-
lation points transmitted by the eNB 610. These soft decisions
may be based on channel estimates computed by the channel
estimator 658. The soft decisions are then decoded and
deinterleaved to recover the data and control signals that were
originally transmitted by the eNB 610 on the physical chan-
nel. The data and control signals are then provided to a con-
troller/processor 659.

The controller/processor 659 implements the 12 layer
described earlier in connection with FIG. 4C. In the UL, the
control/processor 659 provides demultiplexing between
transport and logical channels, packet reassembly, decipher-
ing, header decompression, control signal processing to
recover upper layer packets from the core network. The upper
layer packets are then provided to a data sink 662, which
represents all the protocol layers above the [.2 layer. Various
control signals may also be provided to the data sink 662 for
L3 processing. In accordance with aspects of the disclosure,
the controller/processor 659 is responsible for error detection
utilizing a positive acknowledgement (ACK) and/or negative
acknowledgement (NAK) protocol to support HARQ opera-
tionincluding, for example, Physical HARQ Indicator CHan-
nel (PHICH) operation.

In the UL, a data source 667 is utilized to provide upper
layer packets to the controller/processor 659. The data source
667 represents all protocol layers above the 1.2 layer (1.2).
Similar to the functionality described in connection with the
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DL transmission by the eNB 610, the controller/processor
659 implements the .2 layer for the user plane and the control
plane by providing header compression, ciphering, packet
segmentation and reordering, and multiplexing between logi-
cal and transport channels based on radio resource allocations
by the eNB 610. The controller/processor 659 is also respon-
sible for HARQ operations, retransmission of lost packets,
and signaling to the eNB 610.

Channel estimates derived by a channel estimator 658 from
a reference signal or feedback transmitted by the eNB 610
may be utilized by the TX processor 668 to select the appro-
priate coding and modulation schemes, and to facilitate spa-
tial processing. The spatial streams generated by the TX
processor 668 are provided to different antenna 652 via sepa-
rate transmitters 654TX. Each transmitter 654TX modulates
an RF carrier with a respective spatial stream for transmis-
sion.

The UL transmission is processed at the eNB 610 in a
manner similar to that described in connection with the
receiver function at the UE 650. Each receiver 618RX
receives a signal through its respective antenna 620. Each
receiver 618RX recovers information modulated onto an RF
carrier and provides the information to a RX processor 670.
The RX processor 670 implements the L1 layer.

In one aspect of the disclosure, the controller/processor
659 is configured to implement the [.2 layer described herein
with reference to FIG. 4C. In the UL, the control/processor
659 provides demultiplexing between transport and logical
channels, packet reassembly, deciphering, header decom-
pression, control signal processing to recover upper layer
packets from the UE 650. Upper layer packets from the con-
troller/processor 675 may be provided to the core network.
The controller/processor 659 is also responsible for error
detection utilizing an ACK and/or NAK protocol to support
HARQ operations.

In one embodiment of the disclosure, the processing sys-
tem 114 described in relation to FIG. 1 may include the eNB
610. As such, the processing system 114 may include the TX
processor 616, the RX processor 670, and the controller/
processor 675.

In another embodiment of the disclosure, the processing
system 114 described in relation to FIG. 1 may includes the
UE 650. As such, the processing system 114 may include the
TX processor 668, the RX processor 656, and the controller/
processor 659.

FIG.7A is adiagram illustrating an example of aggregation
level configurations 700, 702, and 704 related to common
search spaces for common control channel resources (e.g.,
PDCCH, Relay-PDCCH, and/or the like), in accordance with
aspects of the disclosure. In an example, the common search
space may comprise a number of CCEs (e.g., 16in LTE). The
aggregation level configuration 700 comprises 2 candidates,
which may each include half of the CCEs in the common
search space. In LTE, this may be an aggregation level of 8
such that each candidate includes 8 CCEs of the common
search space. The aggregation level configuration 702 com-
prises 4 candidates and is thus an aggregation level 4 in LTE
(e.g., the candidates are half the size as those in aggregation
level configuration 700). As described, these two aggregation
levels exist in LTE release 8.

In accordance with aspects of the disclosure, the aggrega-
tion level configuration 704 may indicate an aggregation level
of'less than 4 for the common search space (e.g., as shown, an
aggregation level of 2, where each candidate is half the size as
the aggregation level configuration 702). The aggregation
level configuration 704 may be added to the common search
space as a contiguous search space and may accordingly be
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scheduled by an access point to facilitate locating control data
ata corresponding access terminal. In another aspect, another
aggregation level configuration may indicate an aggregation
level of 1 for the common search space (e.g., an aggregation
level of less than 2, where each candidate is half the size as the
aggregation level configuration 704). As such, an aggregation
level of 1 may be defined that includes a plurality of contigu-
ous candidates that comprise 1 CCE each. Smaller aggrega-
tion levels, such as the aggregation levels of 1 and 2, may
allow more control data to be transmitted over the common
control resources. As shown in FIG. 7A, candidate 0 in aggre-
gation level configuration 700 completely overlaps aggrega-
tion level configuration 704; thus, in an example, an access
point may not schedule an aggregation level according to
configuration 704 if it schedules control data in candidate 0
using aggregation level configuration 700 in the same com-
mon search space.

FIG. 7B is a diagram illustrating an example of aggregation
level configurations 720, 722, and 724 related to common
search spaces for common control channel resources (e.g.,
PDCCH, Relay-PDCCH, and/or the like), in accordance with
aspects of the disclosure. In an example, the common search
space may comprise a number of CCEs (e.g., 16 in LTE). The
aggregation level configuration 700 comprises 2 candidates,
which may each include half of the CCEs in the common
search space. In LTE, this may be an aggregation level of 8
such that each candidate includes 8 CCEs of the common
search space. The aggregation level configuration 702 com-
prises 4 candidates and is thus an aggregation level 4 in LTE
(e.g., the candidates are half the size as those in aggregation
level configuration 700). As described, these two aggregation
levels exist in LTE release 8.

In accordance with aspects of the disclosure, the aggrega-
tion level configuration 724 may indicate an aggregation level
of'less than 4 for the common search space (e.g., as shown, an
aggregation level of 2, where each candidate is halfthe size as
the aggregation level configuration 722). The aggregation
level configuration 724 may be added to the common search
space as a non-contiguous search space and may accordingly
be scheduled by an access point to facilitate locating control
data at a corresponding access terminal. As shown in FIG. 7B,
the aggregation level configuration 724 is not completely
overlapped by any single candidate in either aggregation level
configuration 720, 722. Therefore, the access point may
schedule an aggregation level according to the configuration
724 though it may also schedule control data over candidate 0
of an aggregation level according to the configuration 720 in
the same common search space. It should be appreciated that
the non-contiguous search space defined by the aggregation
level configuration 724, though shown as comprising an equal
number of CCEs with an equal number of CCEs between,
may utilize substantially any configuration of less than 4
contiguous CCEs (such as 2, in this example) for each can-
didate in the common search space. In another example, an
aggregation level of 1 may be defined that includes a plurality
of non-contiguous candidates that comprise 1 CCE each.

In accordance with aspects of the disclosure, the configu-
ration 704 of FIG. 7A illustrates 2-CCE aggregation candi-
dates that are consecutive within the common search space,
and the configuration 724 of F1G. 7B illustrates 2-CCE aggre-
gation candidates that are non-consecutive within the com-
mon search space.

FIG. 8A is a flow diagram 800 illustrating a method for
wireless communication, in accordance with aspects of the
disclosure. At 810, the method is configured for providing
separate control channels for each of downlink grant infor-
mation and uplink grant information. At 812, the method is
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configured for encoding the control channels with an identi-
fier known only to receiving nodes that are configured to
decode the control channels with the identifier. At 814, the
method is configured for conveying information to the receiv-
ing nodes that the identifier is known to the receiving nodes.

In an implementation, the identifier comprises at least one
of a media access control identifier (MAC ID) and a radio
network temporary identifier (RNTI).

In an implementation, the method may further comprise
spanning the control channels over multiple resource blocks
and conveying span information of the control channels to the
receiving nodes. The method may further comprise interleav-
ing the control channels over multiple resource blocks and
conveying interleave information of the control channels to
the receiving nodes. In an example, interleaving the control
channel for the downlink grant information may be related to
interleaving the control channel for the uplink grant informa-
tion.

In an implementation, the method may further comprise
separately interleaving each control channel over a different
span of resource blocks and conveying interleave information
of'the control channels to the receiving nodes including infor-
mation related to the separate interleaving for each different
span of resource blocks so that the receiving nodes are able to
blindly determine the span via hypothesis testing for one or
more span configurations of the control channels. The method
may further comprise aggregating multiple resource blocks
for each control channel and conveying aggregate informa-
tion of the control channels to the receiving nodes.

In an implementation, the method may further comprise
mapping the downlink grant information and the uplink grant
information in a selected order. The downlink and uplink
grant information may be mapped to separate resource
blocks. If resource space is available in a resource block for
the downlink grant information, then the uplink grant infor-
mation may be mapped to the available resource space in the
resource block for the downlink grant information after a
resource space for the uplink grant information is utilized.

In an implementation, the downlink grant information is
transmitted in a first slot of a subframe, and the uplink grant
information is transmitted in a second slot of the subframe.
The downlink grant information may be transmitted in a first
physical resource block of a physical resource block pair, and
the uplink grant information may be transmitted in a second
physical resource block of the physical resource block pair.

FIG. 8B is a flow diagram 820 illustrating a method for
wireless communication, in accordance with aspects of the
disclosure. At 830, the method is configured for receiving
separate control channels for each of downlink grant infor-
mation and uplink grant information. At 832, the method is
configured for decoding the control channels with a known
identifier. At 834, the method is configured for determining
the span of the control channels via blind hypothesis testing
for one or more span configurations of the control channels.

In an implementation, the identifier comprises at least one
of a media access control identifier (MAC ID) and a radio
network temporary identifier (RNTI). The span of the control
channels may be determined to span over multiple resource
blocks.

In an implementation, the method may further comprise
determining an interleaving of the control channels over mul-
tiple resource blocks. In an example, the interleaving of the
control channel for the downlink grant information may be
related to interleaving of the control channel for the uplink
grant information. The method may further comprise deter-
mining a separate interleaving for each control channel over a
different span of resource blocks. The method may further
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comprise determining an aggregating of multiple resource
blocks for each control channel.

In an implementation, the method may further comprise
determining mapping of the downlink grant information and
the uplink grant information in a selected order. The downlink
and uplink grant information may be mapped to separate
resource blocks. If resource space is available in a resource
block for the downlink grant information, then the uplink
grant information may be mapped to the available resource
space in the resource block for the downlink grant informa-
tion after a resource space for the uplink grant information is
utilized.

In an implementation, the downlink grant information may
be received in a first slot of a subframe, and the uplink grant
information may be received in a second slot of the subframe.
The downlink grant information may be received in a first
physical resource block of a physical resource block pair, and
the uplink grant information may be received in a second
physical resource block of the physical resource block pair.

FIG. 8C is a flow diagram 840 illustrating a method for
wireless communication, in accordance with aspects of the
disclosure. At 850, the method is configured for determining
an aggregation level of a common search space related to
common control resources, wherein the aggregation level is
less than four. At 852, the method is configured for receiving
control data from one or more candidates in the common
search space that include contiguous control channel ele-
ments according to the aggregation level.

In an implementation, the candidates are consecutive
within the common search space, or the candidates are non-
consecutive within the common search space. The common
search space comprises an upper bound of sixteen control
channel elements.

In an implementation, the method further comprises select-
ing the aggregation level for communicating control data to a
wireless device over common control resources, wherein the
aggregation level is less than four, and transmitting control
data to the wireless device in one or more candidates that
include the contiguous control channel elements in the com-
mon search space according to the aggregation level.

FIG. 9A is a block diagram 900 illustrating functionality of
an apparatus, such as, for example, the apparatus 100 of FIG.
1A and/or the apparatus 140 of FIG. 1B, configured for wire-
less communication, in accordance with aspects of the dis-
closure. The apparatus 100, 140 comprises a module 910
configured to provide separate control channels for each of
downlink grant information and uplink grant information.
The apparatus 100, 140 comprises a module 912 configured
to encode the control channels with an identifier known only
to receiving nodes that are configured to decode the control
channels with the identifier. The apparatus 100, 140 com-
prises a module 914 configured to convey information to the
receiving nodes that the identifier is known to the receiving
nodes. The apparatus 100, 140 may include additional mod-
ules that perform each of the steps in the aforementioned flow
charts. As such, each step in the aforementioned flow charts
may be performed by a module, and the apparatus 100, 140
may include one or more of those modules. In an implemen-
tation, the known identifier comprises at least one of a media
access control identifier (MAC ID) and a radio network tem-
porary identifier (RNTT).

FIG. 9B is a block diagram 920 illustrating functionality of
an apparatus, such as, for example, the apparatus 100 of FIG.
1A and/or the apparatus 140 of FIG. 1B, configured for wire-
less communication, in accordance with aspects of the dis-
closure. The apparatus 100, 140 comprises a module 930
configured to receive separate control channels for each of
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downlink grant information and uplink grant information.
The apparatus 100, 140 comprises a module 932 configured
to decode the control channels with a known identifier. The
apparatus 100, 140 comprises a module 934 configured to
determine the span of the control channels via blind hypoth-
esis testing for one or more span configurations of the control
channels. The apparatus 100, 140 may include additional
modules that perform each of the steps in the aforementioned
flow charts. As such, each step in the aforementioned flow
charts may be performed by a module, and the apparatus 100,
140 may include one or more of those modules. In an imple-
mentation, the known identifier comprises at least one of a
media access control identifier (MACID) and aradio network
temporary identifier (RNTT).

FIG. 9C is a block diagram 940 illustrating functionality of
an apparatus, such as, for example, the apparatus 100 of FIG.
1A and/or the apparatus 140 of FIG. 1B, configured for wire-
less communication, in accordance with aspects of the dis-
closure. The apparatus 100, 140 comprises a module 950
configured to determine an aggregation level of a common
search space related to common control resources. In an
implementation, the aggregation level is less than four. The
apparatus 100, 140 comprises a module 952 configured to
receive control data from one or more candidates in the com-
mon search space that include contiguous control channel
elements according to the aggregation level. The apparatus
100, 140 may include additional modules that perform each
of'the steps in the aforementioned flow charts. As such, each
step in the aforementioned flow charts may be performed by
a module, and the apparatus 100, 140 may include one or
more of those modules.

Referring to FIG. 1A, in a configuration, the apparatus 100
for wireless communication comprises the processing system
114 configured to provide a means for providing separate
control channels for each of downlink grant information and
uplink grant information, a means for encoding the control
channels with an identifier known only to receiving nodes that
are configured to decode the control channels with the iden-
tifier, and a means for conveying information to the receiving
nodes that the identifier is known to the receiving nodes.

Referring to FIG. 1B, in a configuration, the apparatus 140
for wireless communication comprises the processing system
150 configured to provide a means for providing separate
control channels for each of downlink grant information and
uplink grant information, a means for encoding the control
channels with an identifier known only to receiving nodes that
are configured to decode the control channels with the iden-
tifier, and a means for conveying information to the receiving
nodes that the identifier is known to the receiving nodes.

Referring to FIG. 1A, in a configuration, the apparatus 100
for wireless communication comprises the processing system
114 configured to provide a means for receiving separate
control channels for each of downlink grant information and
uplink grant information, a means for decoding the control
channels with a known identifier, and a means for determin-
ing the span of the control channels via blind hypothesis
testing for one or more span configurations of the control
channels.

Referring to FIG. 1B, in a configuration, the apparatus 140
for wireless communication comprises the processing system
150 configured to provide a means for receiving separate
control channels for each of downlink grant information and
uplink grant information, a means for decoding the control
channels with a known identifier, and a means for determin-
ing the span of the control channels via blind hypothesis
testing for one or more span configurations of the control
channels.



US 9,277,540 B2

25

Referring to FIG. 1A, in a configuration, the apparatus 100
for wireless communication comprises the processing system
114 configured to provide a means for determining an aggre-
gation level of a common search space related to common
control resources, wherein the aggregation level is less than
four, and a means for receiving control data from one or more
candidates in the common search space that include contigu-
ous control channel elements according to the aggregation
level.

Referring to FIG. 1B, in a configuration, the apparatus 140
for wireless communication comprises the processing system
150 configured to provide a means for determining an aggre-
gation level of a common search space related to common
control resources, wherein the aggregation level is less than
four, and a means for receiving control data from one or more
candidates in the common search space that include contigu-
ous control channel elements according to the aggregation
level.

It will be appreciated that, in accordance with one or more
aspects described herein, inferences may be made regarding
or for performing the functions described herein. As utilized
herein, the term to “infer” or “inference” refers generally to
the process of reasoning about or inferring states of the sys-
tem, environment, and/or user from a set of observations as
captured via events and/or data. Inference may be employed
to identify a specific context or action, or may generate a
probability distribution over states, for example. The infer-
ence may be probabilistic—that is, the computation of a
probability distribution over states of interest based on a
consideration of data and events. Inference may also refer to
techniques employed for composing higher-level events from
a set of events and/or data. Such inference results in the
construction of new events or actions from a set of observed
events and/or stored event data, whether or not the events are
correlated in close temporal proximity, and whether the
events and data come from one or several event and data
sources.

It is understood that the specific order or hierarchy of steps
in the processes disclosed is an example of exemplary
approaches. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims present
elements of the various steps in a sample order, and are not
meant to be limited to the specific order or hierarchy pre-
sented.

Those of skill in the art would understand that information
and signals may be represented utilizing any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illus-
trate this interchangeability of hardware and software, vari-
ous illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in vary-
ing ways for each particular application, but such implemen-
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tation decisions should not be interpreted as causing a depar-
ture from the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of a method or algorithm described in connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is
coupled to the processor such the processor may read infor-
mation from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a UE. In the alternative,
the processor and the storage medium may reside as discrete
components in a UE.

The previous description is provided to enable any person
skilled in the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects. Thus, the
claims are not intended to be limited to the aspects shown
herein, but is to be accorded the full scope consistent with the
language claims, wherein reference to an element in the sin-
gular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the term “some” refers to one or
more.

All structural and functional equivalents to the elements of
the various aspects described throughout this disclosure that
are known or later come to be known to those of ordinary skill
in the art are expressly incorporated herein by reference and
are intended to be encompassed by the claims. Moreover,
nothing disclosed herein is intended to be dedicated to the
public regardless of whether such disclosure is explicitly
recited in the claims. No claim element is to be construed
under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited utilizing the phrase
“means for” or, in the case of a method claim, the element is
recited utilizing the phrase “step for.”

What is claimed is:
1. A method of wireless communication, the method com-
prising:

allocating a first physical resource region for transmitting
downlink grant information in a data region of a sub-
frame, wherein the first physical resource region spans a
first number of resource blocks in the subframe;

encoding a first control channel for the downlink grant
information; and
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interleaving the first control channel within the first physi-
cal resource region by a first interleaver corresponding
to the first number of resource blocks, wherein the first
number of resource blocks of the first physical resource
region is determined by a user equipment (UE) through
blind decoding with respect to multiple interleaver-can-
didates, each of the multiple interleaver-candidates cor-
responding to a different number of the resource blocks;

allocating a second physical resource region for transmit-
ting uplink grant information in the data region of the
subframe, wherein the second physical resource region
is disjoint from the first physical resource region; encod-
ing a second control channel for the uplink grant infor-
mation; and

interleaving the second control channel within the second

physical resource region by a second interleaver;
wherein the second interleaver is a shifted version of the
first interleaver.

2. The method of claim 1, wherein the first physical
resource region and the second physical resource region are in
different slots of the subframe.

3. A base station for wireless communication, comprising:

a memory; and

at least one processor coupled to the memory and config-

ured to:
allocate a first physical resource region for transmitting
downlink grant information in a data region of a sub-
frame, wherein the first physical resource region spans a
first number of resource blocks in the subframe;

encode a first control channel for the downlink grant infor-
mation; and
interleave the first control channel within the first physical
resource region by a first interleaver corresponding to
the first number of resource blocks, wherein the first
number of resource blocks of the first physical resource
region is determined by a user equipment (UE) through
blind decoding with respect to multiple interleaver-can-
didates, each of the multiple interleaver-candidates cor-
responding to a different number of the resource blocks;

allocating a second physical resource region for transmit-
ting uplink grant information in the data region of the
subframe, wherein the second physical resource region
is disjoint from the first physical resource region; encod-
ing a second control channel for the uplink grant infor-
mation; and

interleaving the second control channel within the second

physical resource region by a second interleaver;
wherein the second interleaver is a shifted version of the
first interleaver.

4. The base station of claim 3, wherein the at least one
processor is further configured to:

allocate a second physical resource region for transmitting

uplink grant information in the data region of the sub-
frame, wherein the second region is disjoint from the
first physical resource region;

encode a second control channel for the uplink grant infor-

mation; and
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interleave the second control channel within the second
region by a second interleaver.

5. An apparatus for wireless communication comprising:

means for allocating a first physical resource region for
transmitting downlink grant information in a data region
of a subframe, wherein the first physical resource region
spans a first number of resource blocks in the subframe;

means for encoding a first control channel for the downlink
grant information; and

means for interleaving the first control channel within the
first physical resource region by a first interleaver cor-
responding to the first number of resource blocks,
wherein the first number of resource blocks of the first
physical resource region is determined by a user equip-
ment (UE) through blind decoding with respect to mul-
tiple interleaver-candidates, each of the multiple inter-
leaver-candidates corresponding to a different number
of the resource blocks;

allocating a second physical resource region for transmit-
ting uplink grant information in the data region of the
subframe, wherein the second physical resource region
is disjoint from the first physical resource region; encod-
ing a second control channel for the uplink grant infor-
mation; and

interleaving the second control channel within the second
physical resource region by a second interleaver;

wherein the second interleaver is a shifted version of the
first interleaver.

6. A non-transitory computer-readable medium storing

computer executable code

for wireless communication, comprising code for:

allocating a first physical resource region for transmit-
ting downlink grant information in a data region of a
subframe, wherein the first physical resource region
spans a first number of resource blocks in the sub-
frame;

encoding a first control channel for the downlink grant
information; and

interleaving the first control channel within the first
physical resource region by a first interleaver corre-
sponding to the first number of resource blocks,
wherein the first number of resource blocks of the first
physical resource region is determined by a user
equipment (UE) through blind decoding with respect
to multiple interleaver-candidates, each of the mul-
tiple interleaver-candidates corresponding to a differ-
ent number of the resource blocks;

allocating a second physical resource region for trans-
mitting uplink grant information in the data region of
the subframe, wherein the second physical resource
region is disjoint from the first physical resource
region; encoding a second control channel for the
uplink grant information; and

interleaving the second control channel within the sec-
ond physical resource region by a second interleaver;

wherein the second interleaver is a shifted version of the
first interleaver.
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